This paper analyzes the decision to invest in building ethanol plants in Thailand. We analyze the effects of economic factors, strategic factors, and government policies on ethanol investment using discrete response and fixed effects regres-sion models. Results show that the main factor that affects the decision to invest in building an ethanol plant in a par-ticular changwat is the number of ethanol plants already in the changwat. The number of ethanol plants already in the changwat has a significant negative effect on the decision to invest in building an ethanol plant in a particular changwat, which suggests that potential investors are deterred by local competition in input and output markets.
Introduction
As a country develops, the energy needs of the country also increase. Industries will expand and the number of cars will increase, thus increasing the need for fossil fuelbased energy. This is the case in Thailand, where the demand for energy is expected to grow rapidly [1] . Thailand has a large net fuel import, totaling $7,908 million in value in the year 2006 [2] . Petroleum imports also accounted for 6.64% of GDP in 2003 [2] . To address its high dependence on foreign sources of energy and to enable the country to meet some of its energy needs domestically, Thailand has implemented policies to encourage the production and use of ethanol and biodiesel. This paper analyzes the effects of these policies, along with economic factors and strategic factors, on decisions to invest in ethanol in Thailand.
The history of the ethanol industry in Thailand has several important events [3] . These events include King Bhumipol sanctioning a study on converting sugar cane to alternative fuels in 1985; the Royal Chitralada Project, which tested ethanol production from sugar cane in 1994; and the National Metals and Materials Technology Cen Thailand has vast agricultural resources. Some of the main feedstocks used in ethanol production are corn, cassava, sugarcane and molasses, which are based on of the large scale cultivation of corn, cassava and sugarcane in Thailand.
The first ethanol plant to produce ethanol in Thailand was the PawnWiLai Inter Group Trading plant. This plant is located in Ayutthaya changwat of Thailand and began operation in October 2003, producing 25,000 liters per day. The main feedstocks used to produce ethanol in this plant are molasses and cassava. This paper analyzes the decision to invest in building ethanol plants in Thailand. We analyze the effects of economic factors, strategic factors, and government policy on ethanol investment using discrete response and fixed effects regression models. Results show that the main factor that affects the decision to invest in building Copyright © 2013 SciRes. TEL an ethanol plant in a particular changwat is the number of ethanol plants already in the changwat. The number of ethanol plants already in the changwat has a significant negative effect on the decision to invest in building an ethanol plant in a particular changwat, which suggests that potential investors are deterred by local competition in input and output markets.
Thailand's Ethanol Industry and Ethanol Policies
The Thai government implemented a two-phase gasohol program which began in 2004 [2] . Gasohol is a gasoline-ethanol blend. Previous studies of the ethanol policies in Thailand have not looked the effects of individual policies, but instead have looked at the effects of the ethanol program as a whole. According to these studies, since the implementation of the ethanol program, there has been an increase in certain feedstock prices [2] . The prices of sugarcane and molasses have increased and have become more volatile, even despite government price supports [4] . This has the potential to lead to food shortages. There are also environmental impacts as well [5] , including a decrease in the levels of greenhouse gas emissions in Thailand [6] . The agricultural industry has been able to meet the required production levels [6] . This paper builds upon the previous studies by analyzing individual policies and by analyzing their impacts on ethanol investment.
Data

Plant Data
There were 3 different sources for plant data. One was the report An Update on Ethanol Production and Utilization in Thailand by the U.S. Department of Energy. The second was the Department of Alternative Energy Development and Efficiency website. All of the sources contained information on the changwat of the plant, capacity, feedstock used, and production commencement date.
In the regressions that were used, the dependent variable, the decision to invest, was based upon the plant data. According to the data, the maximum number of plants contained in a single changwat was three. Based on the maximum number of plants, each changwat had up to three potential entrants depending on the number of plants already in the changwat, so that the maximum possible number plants that could be built in the changwat was three. The dummy variable for the decision to invest is equal to zero for each potential entrant until the year that the plant was built, at which date the dummy variable is equal to one, and after which the potential entrant drops out of the data set since the decision to enter has already been made.
Another variable that was based of plant data was the number of plants in a changwat. This variable contained the sum of the number of existing plants in each changwat in each year.
Gasoline Price Data
The source of the gasoline price data was the Energy Policy and Planning Office website. The data spans from 2004 to 2011. We used the price for ULG 95 gasoline, which is gasoline that has a 95 octane rating. The gasoline prices are national level prices and are measured in Baht per liter. Also from the Energy Policy and Planning Office was data for the cost of transport to each changwat. The transportation cost data was used to calculate the changwat-level gasoline price. 
Policy Data
Feedstock Production Data
The source of feedstock production data for cassava and sugarcane was the Asian Development Bank report lent to that for petroleum.
Ethanol Price Data
The source of ethanol price data was the Energy Policy and Planning Office website. The data spans from January 2007 to November 2011. The ethanol prices are national-level prices and are measured in Baht per liter.
Molasses data was obtained from the Office of the Cane and Sugar Board website. The duration of the data was from 1988 to 2007. The data was at the region level.
The source of feedstock production data for corn was the Bank of Thailand website. The data spans from January 2000 to December 2010. The data was converted to yearly data by taking the average of the monthly data. The production data for corn was national-level production measured in thousands of metric tons.
Summary statistics of the variables are presented in Table 2 .
Methodology
To analyze the effects of economic factors, strategic factors, and government policy on ethanol investment decisions, we use discrete response and fixed effects regression models. In all these regressions, the dependent variable is the probability that the dummy
X , which include gasoline price, ethanol price, natural gas price, and feedstock production.
Natural Gas Price Data
The source of natural gas price data was the Energy Policy and Planning Office website. The data spans from 2002 to 2005. The data was converted to yearly data by taking the average of the applicable monthly data. The natural gas prices are national level prices and are measured in Baht per liter. Also from the Energy Policy and Planning Office was data for the transportation cost to each changwat. The transportation cost data was used to calculate the changwat-level natural gas price. The transportation cost for natural gas was assumed to be equivaWe first run the following OLS model: where i  is the fixed effect. We run the model using changwat fixed effects and also with region fixed effects. Table 3 lists the changwats belonging to each region in Thailand.
Results
The regression results are presented in Table 4 . We also ran regressions that included feedstock production, natural gas price and/or ethanol price, but because these variables were not significant and because the data for these variables were sparse and therefore their inclusion limited the number of observations in our regressions, we focus on and report the regressions without them. According to the results, the only variable that has a consistently statistically significant effect on the decision to invest in building an ethanol plant is the number of plants already in the changwat. The negative statistically significant variable number of plants in changwat shows that means the competition effect dominates the agglomeration effect, which suggests that potential investors are deterred by local competition in input and output markets and that the potential benefits of existing infrastructure are not significant factors in the decision to invest.
The year variable in each model is significant positive. This means that the time trend is positive; the probability of investing in ethanol plants has increased over time.
In the fixed effect model some the changwats are also statistically significant. All the significant changwat fixed effects were negative. The changwats that were statistically significant with a negative coefficient were: Ayutthaya, Chachoengsao, Chaiyaphum, Chonburi, Kalasin, Kanchanaburi, Khon Kaen, Lopburi, Nakhon Ratchasima, Nakhon Sawan, Nakhonpathom, Prachinburi, Ratchaburi, Sakaeo, Saraburi, Suphanburi, and Tak. For these changwats, the probability of investing in building an ethanol was lower, all else equal.
Conclusions
This paper analyzes the effects of economic factors, strategic factors, and government policy on ethanol investment using discrete response and fixed effects regression models. Results show that the main factor that affects the decision to invest in building an ethanol plant in a particular changwat is the number of ethanol plants already in the changwat. The number of ethanol plants already in the changwat has a significant negative effect on the decision to invest in building an ethanol plant in a particular changwat, which suggests that potential investors are deterred by local competition in input and output markets. The input markets include the local feedstock markets and the output markets include the local ethanol market.
Our results show that feedstock prices, feedstock production, gasoline price, policies do not have a significant effect on the decision to invest in an ethanol plant in a changwat. Investors would more likely build ethanol plants in changwats that do not have ethanol plants or only have a small number of ethanol plants. Some of the changwats in Thailand are more likely to have ethanol plants than others. Since the time trend is also positive the overall probability of investment is increasing as well.
